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COMPLETE SPECIFICATION 

Rotary Positive Displacement Units 



UnitSr^^ V/iu>HABER. a citizen -of the 
Drivf p^l*'.°^ America, of 124 Summft 
Dnve. Rochester, New Yoik. Um'ted^^ 

5 Fir^Sr I^ nirS tiSMS 
lor wnicn 1 pray that a patent mav be 

granted to me. and the me¥«i by whidh 

I'^K?. ^ Perfonned..to be Sufariy^. 

*0 The present invention relates to mtarv 

be embodied as a coniDnssor a mnnn » 
motor or engine, and afvS coSina 
a compressor and a motor. AniiftS^ 
iS to comprises at least atoi4,nSr^f 
S r* ^''tf ^Pgaging lob^^r tiffi d? 

other rotor surrounds W loZ? 
has t«eth provided intem^y fteiS^ 

o?f4^' is"V^ A 
luiuici uojeci IS to devise a unit whnc/» 

cT3^d° r ^'^ ''peed Si 

a umt with a pair of rotors which 



lobes when nm at high twnp^tuie. so as 
to remam weH match^. . ^ 
^ die known rotors with paraUel axes" 
COTtact IS mamly with the sharply cS 
end snrfaoes of the teeth. These^nta«S£ 

rS«n? •'^ ^^''^ A further Sd St- 

portant ^ is to dewse a unit tiAerein ifte 50 
side surfaces themselves of S^?tStf 
lobes are adapted to- contact eSh°fi 

ZSJ^^ side ^surfaces larger ttS 
one pitch. These mating side aiirS«.e^«. 

o&'^^'T' ^"^^ awff^'S ^ 
stm f.^h Ponsideiable load. A 

sbll further ann is to devifie-a unit for 
gases or air. that can be ran at Ve™ 

SfaLf^^^"?^** oi the side 

cf^*- ^ *® by the gaseous fluid 

emh^S^ » *o wovide a unit 

S^o^f displacenieni 

Srof'th^^otr" • 
Sf-^tfe-s^^/J^^t^^^^ 



ed with rotors whose axes int^. 



75 



are attaint, 
sect at an an^e , 

the accompanymg drawmgs: 
r^rfJ^'i " * diagram exolanatorv of 

stiucted SxSdS trs.°° ^ 

tion. *«^™«>g to the present inven- 80 

thif tni^t tv.'"''?''" *e casing of 

i* J'nes 3-3 of Fie 2 

unS^- ^ ^ ^'^^ "^^^ °i a mfeaed. 
Fig. 5 is an axial section, partly a side'*^ 
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view, of a rotor of modified design. 

Fig. 6 is an axial view of a rotor con- 
structed according to the present invention, 
looking at its face, showing its straight lobes 
5 or teeth directed towards its ap^ ^ 

Fig. 7 is a similar axial view, showmg 
lobes curved lengthwise. 

Fig. 8 is an axial view of a niodifiea 
rotor showing lobes curved Iwigthwise and 
iO spirally inclined. _ 

Fig. 9 is a diagram illustrating one way 
of producing rotor lobes or teeth con- 
structed according to the invention. It shows 
the rotor in axiS section. 
15 Fig. 10 is a similar diagram employing 
reciprocating tool motion- 
Fig. II is an axial section of a rotor and 
a diagrammatic view of tool means corres- 
ponding to Fig. 10. looking in the direction 
20 of the tool motion. The tool is shown in a 
position cutting or grinding the lobe bottom. 

Fig. 12 is a view lookmg in the direction 
of the tool motion when flie tool engages 
the side of a lobe. Fig. 12 corresponds to 
25 Figs. 10 and II and shows the rotor in a 
diagrammatic view in a tilted iwsition. 

Fig. 13 is a diagrammatic view like Fig. 
12, but iUusttathig a different tool profile. 

Fig. 14 is an emarged view of the rotors 
30 shown in Fig 2, looking at rigjit angles 
at the plane of their axes. 

Fig. 15 is a fragmentary view thereof 
taken in the direction of the instantaneous 
axis (32 in Fig. 2) and showing the fully 
35 engaged lobes. . , , . 

Fig. 16 is a fragmentary view lookiog 
along the line of contact of ihe lobe ends, 
taken along line 39 of Fig. 2. 

Fig. 17 is a diagrammatic view of a unit 
40 comprising a compressor and a motor or 
engine. 

Fig. 18 is a diagrammatic sectira taken 
along lines 18-18 of Fig. 17. 
Figs. 19 ami 20 are dia^ams illustratiog 

45 the advantage obtained in inclining the 
plane of the axes of each of the two rotor 
pairs with respect to eadi other. They can 
be considered sections along lines 1949 
of Fig. 17, lookhrg in the d&ection of the 

50 anows. 

In the diagram Fig. I, numerals 30, 31 
denote the rotor axes intersecting at apex 
O. The rotor with axis 31 has any number 
N of lobes or teeth, while the rotor mth 

55 axis 30 has (N+1) lobes or teeth. As the 
rotors run at the ratio of their tooth num- 
bsrs. there is a fixed axis 32 of instantaneous 
relative motion. It can be considered the 
line of contact of conical pitch surfaces 

50 which move with the rotors and roll on 
each other without sliding. Any point 33 of 
the instantaneous axis 32 has distances from 
the axes 31, 30 in proportion to the tooth 
numbers N, ^+1). 

65 Let s denote the angle between the axes 



30, 31 and p the mcUnation of instantaneous 
axis 32 to the vertical. The pitch angles 28, 
29 of the two rotors are then (90'*— ^—p) 
and (90*^ +p). The distances of point 33 
from the axes 31, 30 can then be expressed 70 
as 

(0-33)cos(*+p) and (0-33)cos p respec- 
tively. 

cos(s+p) 

Their proportion equals 75 



N 



cos p 



=;n. 



(N+1) 

As known this can be transformed mto 80 
cos s— m N 

tan p= t where 

sisxjs (N-H) 
It will now be shown numerically^ how 
much more lobe depth is attainable with in- 85 
tersecting axes than with parallel axes. 

For instance at a ratio of the lobe num- 
bers of (N+l)/N= 9/8. an^e p equals 
16° 35' at s-l5\ The tooth depth 2s is 
then 30**, measured on a great circle. The 90 
angular pitch, also measured on a great 
360° 

circle is . cos /?=38° 20'. The pro- 

9 

portion of lobe dejrth to pitch is 30/38,33= 95 
1/1.28. 

With parallel axes of the rotors the pitch 
circle circumferences differ by the circular 
pitch, and the pitdi circle diameters differ 
by the circular pitch divided by jt. The 100 
tooth depth' equals the difference in pitch 
circle diameters. The proportion of tooth 
depth to drwilar pitch is thus unavoidably 
l/sr=l/3.1416. It is less than one third. 

The depth proportion has a profound m- 105 
fluence on the lobe shape attainable, and 
oi course the larger proportion increases 
the displac^ent 

The rotors 34. 35 (Fig. 2) with axes 30. 
31 are rotatably mounted in a housing 36 I {0 
formed by two parCs tighdy bolted together. 
The rotors have convex outer surfaces 
lying in a common spherical surface 37 
that is centred at anex O at which the axes 
30. 31 intersect this surface matches a 115 
counterpart concave s^rical surface pro- 
vided in housing 36. The counterpart sur- 
face serves as a seal and is interupted by 
ducts 38, 38'. When Figs. 2 and 3 refer 
to a compressor; the outlet pressure is 120 
higher than the i^et pressure and the out- 
let area is more confined. 38 is the inlet, 
38' the outlet for a compressor. On a motor 
or engme the mlet pressure is higher, and 
the inlet area is more confined. Looking at 125 
Fig. 3, rotation is in clockwise dizecticm 
for a compressor, in counter-clockwise direc- 
tion for a motor. 

At their inner ends the lobes 45, 46 bear 
against or match a spherical surface por- 130 
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tion 40 also centered at O. This portion 
IS fonned mte^ with a cylindrical por- 
tion 41 and shaft 42. Rotor 34 is nSde 
nj^d with shaft 42 by lateral projecUons 

Figs. 14 to 16 afford enlarged views of 
^ Their interengaging lobes 

45. 46 form pockets 47. 47'. 47". . . . of 
i» changing volume. When rotation is in direc- 
tion of arrow 48 the pockets diminish in 
, voimne. On a compressor the outlet aj«a 
starts m a region where the volume has 
been substantially decreased. 
*' Profiles 

1 u * ^^^^^ by assuming the 

(N+l) and the an^e s 
between the shafts. This det©nniaes the 
angulM- lobe depth, which is 2*. Next I 
may determine the axes of curvature of 
the convex outer lobe ends, and particulady 
their angular distance from each other whra 
ihey contact at flieir outer ends (Fig. 16). 
The lol» surfaces now considered are 
25 composed of straight-line elements tihat ^ 
pass hrou^ apex O. The end surface por- 
oon IMS either m a circular conical lar- 
face or in a surface whose curvature at the 
3.1 f^. «?«>«d« with that of a conical sur- 
one embodiment the end-surface 
portion 46e (Fig. 14) of rotor 35 havi^ N 
tobes IS part of a circular conical snrfioe. 
SSJ • r ^.^'^ ^ °f tWs conical 
-IS ^'^"^^ it lies in the 

Stef ^1. 31. It includes an 

M^e 6 with the mstantaneous axis 32. 
3ir Shows the position of axis 50 after 
f S^f* ^ 31 through half 

«e axes 30. 31. the drawing plane of Fig. 
ivJ^? c«vat«f .axis 51' of flie lobe end 
V ^'^ an angle or ^ 

ir.M^ axis 50'. This ^ is pre. 

as S22J^ T''^''' ^ ^^^^'dar pilch. 

45 measured as an arc on a great circle whoS 
plane passes through O 
tJ^ following formula can be derived 

50 P sin2 c 

tan b'= . 



, . 1 +P sin c-cos c 

wherem P=tan (j-J-;>)-tan p 
and c=2 ^ 

* changed until y attams a de- 
sirable amount. 

ss"^/;^ assuming the lobe end 46e of rotor 
J5 and Its axis of curvatui* 50 the entin. 

«) ^J^' can*l^°dSeiS 

«» as the surface enveloped by this lobe enS 

when It is turned al«SraxiJ 31 wfirroTo? 

i4 turns on its axis at the ratio of the 

Tso^'Z^r^ labe numbers T+?) aJd 
ol: Jnat the conical pitch surfaces roll 
65 on each other without sliding. 



When the assumed tooth end 46e is a 
circular corneal surface, it can be embodied 
by a conical milhng cutter or binding wheel 
whose axis coincides wifli axis 50. When 
the axis of this tool is moved relatively to a '/(» 
rotor 34 as stated above, the. rotating tool 
will produce the lobes tiicrcof. 

During such motion axis 50 (Fig. i) de- 
saibes a cwii<al surface, and its point 53 
traces a dfde 53' showing up as a straight 73 
hne. Contact between loto? 34 and the^^. 
cal end surface of rotor 35 is always in a 
plane aat connects the instantaneous axis 
«;With the considered position of axis 50. 
It IS along the cone element that Hes in said 8I> 
plan^ the normal plane of said element. 

^ ¥ position 
where Uie normal plane of a cornidered 
straight-lme element passes through and 
contams the instentaneous axis. The said 8S 
plane is then a contact plane, common to 
both rotors. 

The desired tooth thidkness is attained bv 
changing an initial assumed cone angle ot 
th& end surface. 90 

It should be noted that the side surfaces 
45j have a desirable moderate inclination 

Sif • containing 

axis 30. This IS a result of the increased 
^be depfli. The side profiles, the profile 95 

?L^V^J'^'^'^ ^ "clin^d less 
ttian thirty degrees to the axial plane (49 
Fig. 15) ^smg through their mid-portion. 

smfaces 45, contact the end 
surfaces 46ie of rotor 35. ant} they have a i(JO 
further position of oontect The Said ron- 
tact plane pass.^ throu|h the faistantaneous 

?n about 
axis 30. Jn the second position contact U 
bet^n ^ lobe sM« 45!:'46. of ttfSor .05 
^•^3 ^ ^ *^ apparent from con- 
sideaation of Fit 15. (&viously the sides 

^''^I^^^ The conS 

position for the rides can be computed wiA 
2^,i?T^ P^<xdtttts of spherical trigono- |,u 
t^f?' ^^O'^nig the contact position and 
^ ^ noting shape iteelf • 

can be readily determined. Line $4 (F^ 

i?**T*?^ ^tween the lobe 

f^3'J^'- ^""^ is the path of con- ||5 
toct for Oe opposite lobe sidw. It is seen 
that ae duration of contact obtained with 

S5li ^^^"^^ <>°e f"" pitch, as the 
lobes are relatively deep. Always at least 
one pair of lobes contact with their side 120 
profiles^ on each of the two opposite lobe 
sides. Because of the moderate ?dat vc cm- 
vature of the side profiles a consiKle 
S^rf ° at all times, even under 

adverse conditions of lubrication, or with 125 
lubrication by gaseous fluid only 

„fTi?"t^u''"^.^'*' ^ *e path of contact 
of the lobe ends 46.. vwui«,i 

rJZ'^h: ^'f 3; k addendum of 

rotor 34: and 33-33, is the lobe dedendum 130 
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thereof. While the addendum is smaller 
than the dedendum in the example illus- 
trated, it may also be made larger than the 
dedendimi in many cases. 
5 In the embodiment of Figs. 2 and 3 the 
outlet opening and the inlet opening aie 
both xxFoyided adjacent the outer end of the 
rotor lobes, at the spherical surface 37. 
Modified Embodiments 
10 . Fig. 4 illustrates an embodiment with in- 
let opening at* the inner spherical surface 
40 and outlet opening at the outer spherical 
surface 37, This embodiment may be used, 
for instance, on pumps, where the centri- 
15 fugal action adds to the effect The rotors 
34', 35' with axes 30, 31 have flie described 
shape. They. are rotatably mounted in a 
housing 55 to which is rigidly secured a 
tubular memb»' 56 with rounded end 56^ 
20 This end contains the described inner 
spherical surface potion 40 on its outside 
and an adjacent cylindrical surface portion 
4r which serves as a journal for rotor 
34'. Fluid enters along axis 30 and through 
25 openings 57 provided in end 56\ Outlet 
duct 58 leads to an outlet not shown. 

In the embodiments so far illustrated the 
inner spherical surface 40 has about half 
the diameter of the outer spherical surface 
SO 37. If the lobes or teeth were continued 
all the way to apex O, the volume displaced 
inside of surface 40 would be only one 
eighth of the volume displaced inside of 
surface 37 of double diameter. With lobes 
3^ having their inner ends at surface 40 the 
displacement is still 7/8 of the Tnayiniimi 
displacement possible inside of surface 37, 
while a matenal advantage is gained in the 
production by cutting or grinding. How- 
40 ever when production is for instance by 
moulding, coining or casting the production 
advantage is reduced and I may dimmish 
the inner spherical end surface to almost 
nothing. Fig. 5 shows a rotor 34" so shaped. 
45 The inner spherical surface 40i has less Saa 
half the radius of the outer spherical sur- 
face 37, and the knob containing surface 
40{ is formed integral with rotor 34", 
Proportionately small inner spherical 
50 surfaces may also be provided on rotois 
of large size, and on fotois intended for 
extreme rotational speeds where the in- 
creased i>roduction cost is acceptable. 
Fig. 6 is an axial end view of a rotor 34« 
55 that may be used as rotor 34 in the de- 
scribed units. It has straight lobes or teeth 
60 directed towards apex O, at which the 
axes of the rotor pair intersect The surface 
of its lobes is made up of straight*line ele- 
60 ments, all passing through apex O. 

Fig. 7 is an axial view of a lotor 34ft 
whose lobes 60^ axe curved lengthwise, 
chiefly for a production advantage in 
rnedium and small sizes. Opposite lob; 
65 sides 61, 61' are convex and concave length- 



wise, respectively. At their mid-portion the 
lobes are directed towards apex O. 

The rotor 34e shown in Fig. 8 has longi- 
tudinally curved lobes 60c that are spirally 
arranged. Spirally arranged lobes may be 70 
considered especially in the embodiment 
described with Fig. 4. ITie types illustrated 
in Figs.. 6 to 8 can each be used in both 
described embodiments. 

If desired, I may use blades or vanes m 75 
the inlet and outlet , passages, to direct the 
fluid more positively. 

Production 
One way of producing a rotor 34 with 
straight radial lobes in a g^eratmg opera- 80 
ticn has already been described. There a 
conical milling cutter or grindmg wheel 
describing (reproducing) a tooth end of 
rotor 35 is caused to roll on rotor 34 as 
if it were a part of rotor 35. The mating 85 
rotor 35 may be cut with the same conical 
milling cutter as used in cuttmg rotor 34 
in a similar rolling motion. Here however 
the turning motion about the tv/o intersect- 
ing axes is at a varying ratio. A timing 90 
change is introduced for instance by cam 
means. 

Another method, also suited for large 
sizes, will now be described with reference 
to Fi^ 9. It uses a conical milling cutter 62 95 
or grinding wheel similar to that used in 
cuttmg rotor 34. The axis 63 of the cutter 
used intersects the axis 30 of the rotor 
blank 34.. at apex O. The cutter 62 is 
rotated on its axis for stoci removal while 100 
the workpiece 34a is slowly turned on its axis 
30 and while the cutter is fed about apex O. 
It is fed about an axis intersecting the work- 
piece axis at apex O and that may be per- 
pendicular to axis 30 and to the drawing 105 
plane. Another position of cutter 62 dur- 
ing its feed motion is sh&fm. in dotted lines 
62'. The feed motion of the cutter is at a 
varying ratio to the turning motion of the 
workpiece. It is a slow oscillating motion 110 
between two end positions timed to the turn- 
ing motion of the workpiece. While the turn- 
ing motion of the workpiece can be at a 
uniform rate, a better production rate is 
attained by cyclically varying the speed of 115 
the feed motion. 

The mating rotor 35 may be produced 
with the same cutter and the same method, 
usin^ a different timing between the turning 
motion of the workpiece and the angular 120 
feed morion between the cutter and work- 
piece. 

Fi^. 10 to 12 illustrate a method using 
tocl reciprocation. Edged tool 64 or grinding 
wheel 64' has a convexl}' curved working 
profile 65 or cutting edge, that is at least 
as much curved as the concave bottom 
profile of the rotor at the inner lobe end. 
It is a circular arc centered at 67 (Fig. 11). 
The sides 68 merely serve to support the 130 
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working- profile without contributine to the 
shape produced. Tool 64 or wheel 64' is 
reciprocated lengthwise of the lobes to- 

5 Wi«^n?^^ fP^* O along line 
5 70. Line 70 lies m the plan© of Fig. 10 and 
is; perpendicular to Ae drawing plane of 
Fi^. 11 .and 12. Figs. 10 and 11 show 
ttie position- where, the tool cuts the- lobe 
1ft 1?^°^' ^^S-iiBs 70, To pioduce the side 
10 siHfaces of . the lobes^ the workpiece 3^11 
fed angularly about an- axis 59 passing 

' OMd perpendicular tTthe 

drawing- plane of Fig. 10. Dotted lines 34^ 

To cut-OT grind along, a fixed line 70 all 
20 the cnthiig tool.or grinding wheel 

IS fed in a circular path 72 about an- axis 
^ylO. at such a rate fft 
tto iTOfile mdmatiott of the tool at line 70 
«^Kte8 watinuoudy with the profile in, 
23 S?^,-*^ ^ workpiece. This additional 
25 feed motion of the tool may be a circular 

tojtMlf, and^where center 67 desoriST^ 
Sj,^'' a<l<"tioa»I motion is timed 

JO T?? *he workpiece. 

•30 TJe angular feed motion between the wo*- 

^ft^^ '"^^ ^ ^ timed.with sdd tSn- 
mg motion, again at a varying rate. 

J^^^u'^ advantages are. gained by 
« St'^^'^'^S the speed <rf ^feS 
"?<fns. ITie process is Snnous. 

^ for eacJi lobe. He lobes- are coSted 
'^%,^. '^^^^^ las made a fnU^ 

fefS. ^ workpiece 34 on ^ 

5h™ It ^"^^ restrictioi is less sev^ 
TJ^eo the larger rotor 34 of the pair has 
rS.'^'^ Then aSe^ 
^drng wheel caa naofa somewhat Stoa 
iX!^ '*<« «nnd«g.the oJSdfend 
Roughing may be accomplished with a 

50 file shapc^withont: ledpiocation bw S 
the same feed motions. ^ 

of^l;.,-^^ iHustrates a working profile 73 

t^Tl ir^V* '^'^r^^^-^^ 

both sid^ 7^ curved, on 

tool 76 ftat oscillates about.an a^ 77^nr 

35S J° the mSg^LS 

face surface may be cSt S 
a lotatme cnttc.r h,-.. . . 



Ime 70. The said additional tool motion is 
m this plane and is -sudi that tie tool profile 
73 always passes, through the fixed point 
at which ^Ime 70 intersects said pfene-lks 
additional tool motion is so timed witb the 70 
tummg motion, of the - workpiece thaf the 
tool profile has the same inclination as the 

mint ^^^X^'"'^ "^"^^ fi^«i 
point, so that the two- profiles contact at 

^HnrHJ- ^ ^« additional tool 75 

,T ^ "^^"^ the same as in 

t^ method descnbed with Figs. 10 to 12 ' 
They are sucK that fixed line 70 described 
tne Jooe surfaces. 

While fee additional tool motioo^ for «o 
working profiles (73) of varying- ci^atuS 
IS more complex than; for ckc&r amiate 
working profiles, there is less- tool wearTSa- 
proved finish^ - the lobe sides and kS>JS 
producUonefl&ieocy, «"provwi 

. Hie. described lobe shape is- furthermore 
smgidarly. weUradapted to finishing by shav. 
ing. burnishing and lapping because of the 

miltiple Rijtor Pedrs 
Diagram Figi 17;shows a disposition of 
pairs- of .rotors 8^ 81: and 
IzJLy ycdumetric displacemrat 

wS,?!?™*^ ^ ^"^^^ ^- It can 95 
teonbodied-as an engine unit br^also as a 
coolHK imt- an engme miit- the rotoi? 
f^Lv P^ft" of a compressor. Diiot 85 
admits aarto-the compressor. Daot 86 leads 
tte compressed air to a combustion- cham- 100 
b«-d«grammatieafly. indicated at'88> Diict 
89 leads the c<»nbustibn. gas to the ot^ 
El.^^" ^./3I-ito^m'*du?90 

Tie angoMri^ of the rotational axes 
^. 92 of rotoiB 80. 81 is smaller:tl»an the 

Sis od ^'^^}' .82 have-a common 
?SL-L^ are ngid with each other. J?ui» nO 
aerm^e the plane-of the inteiseoting- axes 
91. 92 is- preferably inclined to the plaro 

mtS W balance betwe«i- the 

roiors 81. 82. The reason for this imsliiatfon 11& 

^.u K,}^ illustrates tte load conditions 
Jl^ a'tes 91, 92. 93 are all in o^X? 
Tte compressed air exerts a one-sided^J. 
sure^on rotor 81; Tins pressure maf be ('O 

.a" arrow 94 shown in Both FiL 17 
and Rg. 19.- It intersects the mid-plane 78 



rmt^^iA^S " II""". ly. j\ similar 

aie-sided pressuiie is exerted on n>tor82 

^ the direction of aSow 95 125 
ftat_mtersecls plane- 78 at 96. TiT?^^ 

Axis 77 lies m a plane- perpendicular to SSy^^llS^ ^L^^^baW^^^^^ 
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plane parallel to axis 92 containing points 
79, 96. The turning moment increases with 
increasing distance of the points 79, 96 from 
<Hie another. The load components in mid- 
5 plane 78 be combined to a resultant 
92-97 (Fig. 19) which passes through axis 92 
^us a tumiog moment about said axis. The 
tinning moment is the difference of the 
tmning moments exerted by the loads pass- 
m ins throng the points 79, 96. 

Fig. 20 shows the effect of a displacement 
of the plane of the axes 91, 92 about axis 
92. Displacement is through an angle which 
moves point 79 to a position 79' dose to 
14 point 96. The resultant load 92-97' in mid- 
iJane 78 is slightly smaller than load 92- 
97. But the main gain lies in tiie sharp 
decrease of the turning moment exerted by 
the axial load components passing now 
2Q throu^ points 96, 79\ because of the proxi- 
mity of these points. Diagram Fig. 17 should 
be understood to* correspond to the show- 
ing of Fig. 20. 
Hie resulting turning moment about axis 
25 92 is relatively small. The torque exerted 
on rotor 82 of the motor drives the com- 
jaessor: Only a moderate portion thereof is 
transmitted through the lobe sides in the 
rotor pair 82, 83. 
2Q Jn operation the air is compressed in the 
rotor pair 80, 81 to a degree controlled by 
edge 87 (Fig. 17) of the outlet ox>ening. 
Tins pressure is maintained in the combus- 
tion chamber, where combustion expands 
35 the volume of the gaseous fluid. The rotor 
jair 82, 83 thus requires a larger displace- 
ment volume, 'w^ich is built into the dia- 
met^ oi the rotors and into the angularity 
ci tiaek axes. 

V^en the amount of fuel injected in to 
the combusticm chamber is diminished imder 
die desi|;n amount, the expansion through 
c(Hnbusti<m decreases, and the pressure in 
the combustion chamber decreases. The 
^5 compKSssed air then expands after leaving 
Ute compressor, increasing its volume, untS 
itbe fqiwer increase in volume through 
combustion equals the volume displaced in 
the lotor pair 82. 83. 
5Q A gain in efficiency at reduced or changed 
engrse load can be achieved by changing 
the outlet opening of the compressor for 
different loads, increasing the outlet area 
when fuel admission is decreased. This 
-r changes the pressure directly, without re- 
quiring expansion of the compressed air 
v/hdi leaving the compressor. 

Figs. 17 and 18 diagrammatically illus- 
trate means for changing the outlet opening 
• of Ute compressor. Edge 87 of the outlet 
opening is provided on a part 98 that can 
be angularly adjusted about axis 91 in 
dependence of the fuel admission. Dotted 
lines 98' show part 98 after adjustment for 
55 a decrease in compression and decrease in 



fuel admission. Edge 87 is then at 87'. The 
displacement of the opposite end 98« has 
little effect on the performance, because 
there is practically no change in volume 
in that region. ''0 

CooUng of the hot parts may be provided 
in any suitable known way. 

When the unit shown in Fig. 17 is em- 
bodied as a cooling unit, the larger rotor 
pair 82, 83 takes the incoming fresh air 75 
and compresses it The air thereby heats 
up and is transmitted to a cooler, or broadly 
to a thermal part 88 for changing the tern- 
perature of the gaseous fluid. After cooling 
it is led to the rotors 80, 81 which now 80 
serve as a motor. As it expands therem 
the temperature drops to the level for which 
the unit was designed. A stream of cool 
fresh air leaves the unit. 

WHAT I CLAIM IS:— 85 

1. A positive displacement tmit usable, 
for example, as a compressor, motor or 
pump, comprising a housing, a pair of 
rotors rotatably journaled in said nousing 
and having interengaging lobes or teeth, 90 
which mesh around the whole of the peri- 
pheries of the rotors, the number of lobes 

or teeth in the two rotors differing by one, 
and the rotary axes of the two rotors being 
inclined to one another. 95 

2. A positive displacement unit as 
claimed in claim 1, wherein the depth of 
the lobes or teeth of each rotor in an axial 
plane of each rotor is larger than one third 
their circular pitch.- 100 

3. A positive displacement unit as claimed 
in either claim 1 or claim 2, wherein the 
teeth of the rotors are straight and con- 
verge to the point of intersection of the . 
rotor axes. 105 

4. A positive displacement unit as 
claimed in any of the preceding claims, 
wherein the rotors have convex spherical 
outside surfaces which lie in a common 
convex spherical surface, the housing has IIO 
inlet and^ outlet openings, and at least the 
outlet openmg lies on this common spheri- 
cal surface. 

5. A positive displacement unit as claimed 

in claim 4, wherein the inlet opening also 115 
lies on said common spherical surface. 

6. A positive displacement unit as 
claimed in claim 4. wherein the rotors 
have also spherical concave surfaces which 

lie in a common iimer spherical surface, 120 
and tlie inlet extends through this irmer 
spherical surface. 

7. A positive displacement unit as 
claimed in any of the preceding claims, 
v/herein .the lobes or teeth rf both rotors 125 
have rounded tops adapted to come into 
contact, and the radius of curvature at the 
center of the tooth tops of both rotors is 
less than half the circular pitch. 

8. A positive displacement, unit as 130 
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claimed m claim 7. wherein the lobes or 
teeth of one rotor, which is smaller, have a 
conical outer surface whose axis passes 
tbrough the point of intenection of the 
1 lotor axes. 

9. A positive displacement uoit as 
claimed in any of claims 4 to 8 inclnsive. 
ift®'? opening is adjustable. 

Ill t . ^ . positive dispJacemem unit as 
II) claimed m any of the preceding daims. 

wherem the lobes or teeth of the rotor pair 
, are curved lengthwise, 

11. A. positive displacement unit as 
dauned m any of the preceding claims, 

15 wherein the lobes or teeth have sidlportioni 
inolmed to axial planes pf the rwoectiva 
rotors by less than thirty dcgie^ mHS 
curved top portions aiid bottom portions, 
on oi.t^^ being deep cnVugh so 

20 that their matmg side portions We a dura- 
tion of contact in excess of one pitch. 

12. A posiUve displacement imit as 
claimed m any of the preceding claims 
wherem one rotor has a pitch an|e larS 

S^u ""^l other Totor £ 

profiles with convex circular arcuate tops. 
- 7 . positive displacement unit as 
claimed m any of the preceding claims 
wherem feereaie two pa£ of wrto^ S 

coaxial with one rotor of the otbsroair 
and is fixedly secured thereto 

^ut.^- P?"!*^^!, displacement unit as 
clauned m claim 13. wherein the intersertine 

" ^°lf^ ^ °f S"^^^ inclin<3^S SI 
of the axes of rotatton of the oth« 

• P^'ifive displacement unit as 
d«med m claim 13, wherein the 
4„ axes of one pair of rotors indudesln 

duded betwe«i the axes of the othefpa" 
16. A positive displacement unit as 
claimed m. any of dai^ 13 to 15 Ll^ 

45 ave. wherem the two paiis of rotorslSS 
different volumetric dis&ment S S 
pair of smaller displacement™ jSrt S f 
compressor, a first duct b mJ& fJ^ 

^ admittmg air to said compSsswTSccSj 

JKj^r?"* conduS?'^mSd 
air from said compressor to I combustion 

f S.^^ t^^ compressor rotors, means 
1 changing the openme to 

^^"^^ the compressor raBo, a th&d dud is 

CSh^°; comfflon gi 

from said chamber to the other pair of 
rotois. and a fourth, exhaust duct is pro- 



vided for dtmducdng tiie expanded com- 
bustion gas from said other pair of rotors 60 
to the outside. 

17. A process for piodudng a toothed 
rotor, as claimed in any <Mie of the pre- 
cedmg daims, for a positive displacement 
unrt, comprising rotating a rotor blank 65 
coittinuously on its axis while imparting a 
worfang motion to a tod. efiectmg a le- 
lative feed motion betwewi tool and blank 
about an axis whidi mtersects the axis of 
the blaidc, so that the tool moves ftom die 70 
top to flie bottom of a tooth and then from 
file bottom to the top of the tooth. 

18. A process as claimed in daim 17 
wherein the axis erf feed is at right angles' 
to the axis of the blank, and the fled 75 
m<^on takes place from the top to the 
bottom and then back to the top of eadi 
tooth. 

process according to eitiier daim 
1/ M daim 18. wherein the rotation of Ae 80 
blank about its axis is at a vaiying speed 
durmg production of eadi tooth. 

accordmg to any of daims 
^'.,,?o 19 mdusive wherem the tod is a 
millmg cutter whose cutting ed^ lie in a 85 
corneal sittface whose axis coinddes with 
the axis of flie cutter. 
11^^' \JF9^^ according to any of daims 
17 to 20 mdusive wherein die tool is a 
reciprocatmg tool with a rounded workinc 90 
pr^ the feed motion betweoi the to<a 
and blank bdng varied for eadi tooth so 
toat a predetermined point of the tool pro- 
ffle describes a mean tooth profile, and dis- 
placing the tool during production of eadi 95 
tooth side to keep raigagmg die tooth pioffle 
contmuously at sa^ pointT 

22. A process according to daim 21. 
wherem the woridng profile of the tool 
has a vaiylng cuivatuiB. with the bigest 100 
curvature at the potat whidi comes mto 
contact with tooth bottom. 

23. A positive displacement unit substan- 
tolly as described herem with reference to 

accwnpanyii^ drawings. 105 

24. The process of producing a rotor 
as daimed m any one of claims 1 to 16, 
for a positive displacement unit substantially 
as descnbed herdn. 

J^SEN & SON, 

Agents for the Applicant, 
77 Chancery Lane, 
London. W.C.2. 
Chartered Patent Agents. 
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